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Pulsed laser stersophotography of plasmas ard dynamically moving surfaces
Dennis L. Paisley

Los Alamoo National Laboratory, M-7
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Abstract

A pulsed laser is used as a light source for illuminating the surface of a dynamic aevent
of «1 ma'! moving at >3 mm/us. At a predetermined time during the dynamic sction, a stereo
camera is used to record a pair of images of the dynamically moving surface. The sterecimage
pair can be quantified for surface contour.

Introduction

Los Alamcs has the need to resolve profiles of small dynamically moving surfacea. in most
cases the total time ol the experiment is <0.5ue snd s profile must be resolved at a predeter-
mined time during the experiment. 1In many cases the experimant itself is a pseudo-white
light emitter, therefore, any light scurce must be intense, short duration, and separable
from the self light of the experimsnt. A pulsed laser can provide all the attributes neces-
stry for front light reflected stereophotography of our experiments. The attributes desired
from the light source include: short pulse (<10 ns), sonochromatic, high optical power, and
the ability to time synchronize the ovutput pulse. All of these atiributes are characteristic
of solid state lasers in addition to the spatial coherence that is not desired. As described
latex, the spatial coherance can he deastroyed.

Expsrimental tast device

A small (1 ma x 1 rm) exploding toil is used to accelerate a flyer plate of a dielectric
(or dielectric/matal laminate) to & high velocity with a high acceleration, but with a total
flight length of only a few millinaters. The metal foil is electrically exploded by a capac-
itor discharge through the low roeistance, low inductance circuit. The exploding foil is
tha resistive element in the circuit. The high current in a few 10's of nanoseconds rapidly
deposits srnergy in the exploding foil causing rapid heating and conversion of the solid metal
to a plasma. The resulting expanding plasma accelerates the flyor plate material at rates
exceecing 10 om/s’.

Pulsed laser stereophotographic technique

A cavity dumped ruby laser is used to generata a S ns FWEM pulse of )00 mJ. The laser
oscillator pulse is then amplifisd to generate a laser system output a 5 ne pulse of 750 mJ
(Fig. 1). Since the laser output pulse is used to illuminate the flyer plate and record a
conventional stereopair of photographs, the spatial coherence must be reduced to the point
that sny speckle is less than the resclution of the film. The speckle reduction is p.rf?r?.d
by direr~ting the laser pulse through a carbon disulfide cell and fiber optical bundle.’ ',
The fiber opticil bundle is quadfurcated in order to more evenly illuminate the experimant
(Fig. 2).

The stereo camera ccnsiets of two identical optical systemswith an 18° angle betwesen their
optical axes. The camera uses a matched pair of S% mm f.1. objective lenses removed from a
stereomicroscope and remounted and aligned to provide 20X magnification. The film plane is
a standard ( r 5 camera back with & ground glass viewing screen. Between the lensetand film
plane is placed a 1 nm FWHM bandpass filter matched to the 694.3 nm of the ruby laser. The

Tutputpulse of th. aser can he timedwithin 0.02,9 of the desired time rel. tive to the experiment.

Experimental technique

The exploding foll/flyer plate test davice is located with the flyer in the field of view
of the camers and the !light path directly toward the stereo camora. The stereo camera will
then record the surface of tne flyer plate as it approaches the camera. The electrical cur-
rent and voltage wavefcrms o. tha exploding foil and laser output pulse are recorded on dig-
itizers and time correlated to detirmine electrical and flyer plate relationships (Pig. 3
and Fig. d).

Luantification of sterophotojraphs

The sterecpair of photographs are quantified by using a stereo comparagraph (Gordon Enter-
prises Model 1213E) usually 'ntarded for aerial photography. The stereo comparagraph was
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calibrateada by gphctograph:ing a sovec:al tuslt stepped wedge that was measured by ccnventioral
me.rology techniques. The sterec comparagraph was then calibrated against tre known dimen-
sions of the wedge. Tre stere0 ccrparagraph is attached to an X-Y movement with digital
readout and the depth (Z-ax:8) micrometer of the stereoc comparagraph was replaced with a
digital readout macharism ~hat germits direct calibration of che reading. Sterecphctcqgragphs
can be read t: X-Y-Z position of the flyer surface profile (Fig. 5).

Steracphotographs and guantified results

Typical sets of stereopairs of negatives (rFig. 5) are taken in thc stat:ic ana dynamic
conditlon 80 as to be able to correlate data between views. Because the surface cf the
plates do not have features to identify, a white ink 18 air-brushed on the surface to add
features and texture to the surface for future use in quantifying surface profiles. C(ross
sectiors of stereopairs can be read (Fig. 7) as well as computer generaticn of surface prc-
files based on quantified cata (Fig. 8). The resolution and accuracy of the Jquarcified cata
depend on the quality of the stereophctographs and the ability of the reader, howave:,
values for both resolution and accuracy of $0.00l in. can and has been cbtained.

Summary

Pulsed laser illumination and stereophotography together can provide a unique method &
recording three dimensional gprofiles of events that would normally be otscured by the in-
tense self light of the exper:mert. High magnification and the velocity cf the Ilyer plate
require that the exposure t:me be short to reduce mccion blur to less than the film resolu-
tion.
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Fig. 6.
Stereo pair of photographs of flyer plate.
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